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(54) improvements to a coffee machine 

(57) The coffee machine comprises a source of 
water (1 ), a pump (6), a heat exchanger (7), at least one 
delivery counter means (12), a temperature sensor (13) 
that instant by istant detects the temperature reached 
by the water and a control device (14A) that receives 
signals from said delivery counter (12) and from the 
temperature sensor (13), the water temperature sensor 
(13) being In contact with the water duct (2) downstream 
and close to the heat exchanger (7) and the control 
device (14A) being programmed to instantly control the 
pump (6) delivery as a function of the temperature of the 
water exiting the heat exchanger (7) to maintain this 
temperature sensibly at the desired reference value. 
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Description 

The present invention concerns improvements to a 
coffee machine, more precisely to the coffee machine 
disclosed in the European Patent N"" 0380947. 5 

The machine according to said European Patent is 
essentially provided with a water source, an electric 
pump to transfer the water to a coffee brewing chamber 
after passing through a heat exchanger that can 
instantly heat the water to the desired temperature con- io 
sidered the most suitable to provide a good coffee bev- 
erage from the coffee pad placed in the brewing 
chamber, a temperature that shall henceforth be 
defined as the reference temperature, while a delivery 
counter means measures the quantity of water trans- is 
ferred towards said chamber instant by instant, a tenv 
perature sensor senses the temperature of the water in 
the heat exchanger and a control device receives the 
signals from said counter means and said temperature 
sensor and processes them according to a set aigo- 20 
rithm in order to control the electric resistor of the heat 
exchanger in such a way that the temperature of said 
resistor increases with the increase in the quantity of 
water transferred and. hence, that this water is kept at 
the reference temperature. It is known that the quantity 2s 
of water transfened into the coffee cup also depends on 
the resistance exerted by the coffee pad held in the 
brewing chamber and that this resistance varies during 
the brewing of the coffee owing to the fact that said 
resistance increases as the coffee pad swells as it 30 
absort)S water. Note that this machine may also have a 
programmed clock as a counting device, obviously as a 
part of the control device, that measures the time the 
pump operates in tFansfeaing water and the control 
device is programmed so as to process the signals 3S 
received from the dock and the temperature sensor 
according to a given algorithm and control that, after a 
first period of set time in which the water temperature is 
kept at the reference value, tills temperature is left to 
drop gradually, until the dock has reached the maxi- 40 
mum time set and therefore avoid a prolonged percola- 
tion at high temperature that may bring taste noxious 
substances into the cup. 

With the passing of time, after tiie first realizations 
of this machine, and while new series were manufac- 45 
tured. a drawt>ack was encountered that arose from the 
heat exchanger tiiat, owing to the limited space availa- 
ble in the machines body, and for reasons of cost, the 
industi-y supplied increasingly smaller and. hence, with 
an increasingly limited thermal inertia. So. although the so 
heat exchanger still maintains the capacity to instantly 
heat the water it contains, at the same time tiie temper- 
ature of tiie water that flows through it to be tiBnsferred 
to tiie brewing chamber, under the pump*s action, may 
excessively vary compared to the reference value and 55 
cause the brewing of coffee lacking in the aromatic sub- 
stances desired. Also note tiiat. in said European Pat- 
ent a certain reference temperature, termed "starting 
temperature" in the patent, was allowed to drop as a 



function of the time counted by the dock or as a function 
of the volume of water counted by the delivery counter. 

The improvements now made to the coffee 
machine avoid the above mentioned drawt}aGk; accord- 
ing to the invention, tiie improved machine essentially 
comprises all the parts described in the above Euro- 
pean Patent, or eqiflvaient parts for tiieir functions, and 
additionally comprises a first water temperature sensor 
at the water exit from the heat eishanger, repladng the 
temperatijre sensor inside the heat exchanger, and 
mainly components to control the electric feeding of the 
pump by means of a programmed conti^ol device so as 
to contrd the pump delivery instant by instant as a func- 
tion of tiie water temperature at the exit of tiie heat 
exchanger; the reference temperature is sensibly main- 
tained for the entire period in which the coffee brews 
because with the water at reference temperature tiie 
pump delivery is at a standard rate, that is instant tsy 
instant the quantity of water pumped is programmed in 
accordance with he reference temperature, when the 
water temperature drops below tiie reference tempera- 
ture the delivery of tiie pump is convenientiy reduced or 
interrupted and when tiie water recovers the reference 
temperature the pump delivery is set back to the stand- 
ard rate. 

Moreover, the conti'ol device processes tiie signals 
received from the delivery counter means and the tem- 
perature sensor in order to also control tiie electricity 
feeding to ttie pump. 

Moreover again, the improvements comprise a sec- 
ond temperature sensor placed at the water inlet to the 
heat exchanger and tiie control device is programmed 
to control, together or separately, the pump delivery and 
the electi-k; feeding of the heat e)«:hanger as a function 
of the difference between the water tenperature 
detected at tiie exit of tiie heat exchanger and the water 
temperature at tiie inlet to the heat exchanger, always in 
order to maintain the water that exits tiie heat 
exchanger towards the brewing chamt)er at the refer- 
ence temperature. 

Lastiy, the confol device is programmed to process 
the signals received from the delivery counter means in 
order to conti'ol tiie delivery of the pump and alterna- 
tively the delivery of the pump and tiie electric feeding of 
the heat exchanger in such a way as to maintain tiie 
water exiting the heat exchanger at the reference tem- 
perature. 

The invention will now be described in greater detail 
witii reference to ttie attached drawings ttiat illustrate 
examples of embodiments in which the 

Fig. 1 is tiie general drawing of a first embodiment, 
tiie 

Fig. 2 is a part drawing of a second embodiment, 
and the 

Fig. 3 is the general drawing of a second embodi- 
ment. 

The Figure 1 is tiie same as Figure 1 of the above 
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mentioned European Patent, excepting the different 
location of the temperature elisor 1 3 and the introduc- 
tion of a module 24 as specified below. The parts in 
common in both these Rgures 1 are simply listed below 
with a brief mention of their meaning, whereas a 
detailed explanation may be found in the said European 
Patent It will be dear that the programmed control 
device 14A is more complex than the device 14 com- 
prised in the said European Patent. 
The numbers show: 

I the water source. 

- 2 the duct along which the water is transferred from 
the source 1 to the coffee brewing chamber. 

- 3 the brewing chamber. 

4 the spout in the brewing chamber 3 from which 
the brewed coffee drops into the cup. 
• 5 the cup to gather the coffee dropped from the 
spout, 

6 the electric vibrat'ng pump to transfer the water, 

7 the heat exchanger. 

8 the electric resistor incorporated in the heat 
exchanger, 

- 9 the source of electricity that feeds resistor 8, 

10 the serpentine tract of the duct 2. within the heat 
exchanger, 

II the insulating material sleeve around a part of 
duct 2. 

12 the delivery counter means in the form of a 
transducer of the water flow in duct 2 that also 
serves to control that the volume transferred to the 
cup is the required amount (e.g. 40 cm^ or 100 
cm^). 

1 3 the water temperature sensor. 

1 4A the programmed control device, 

15 the component that opens and closes the elec- 
tric resistor 8 drcuit. 

16 the conductor that connects component 15 to 
the control device 14 A. 

1 7 the conductors that connect the flow transducer 
to the control device 14, 

18 the conductors that connect the temperature 
sensor to the control device 1 4. 

19 the control panel associated to the control 
device 14A and comprising buttons 20, 22 and 23 
to activate the machine, request a standard coffee, 
alternatively request a diluted coffee, and a device 
21 that signals the status of the temperature and 
any other machine function parameters. 

The new features of the machine illustrated are: 

the sensor 13 of the water temperature is located 
on the duct 2 at the exit of the heat exchanger 7. so 
as to detect the temperature of the water as it exits 
from the heat exchanger, instant by Instant, 

- the module 24 to intermittently feed electricity to the 
vibrating pump 6 is connected by means of conduc- 
tor 25 to the programmed control device 14A that 



processes the signals received from the tempera- 
ture sensor 13 according to a given algorithm, so 
that the vibrating pump 6 is actiN^ed after three 
seconds from the moment in which the user has 

5 activated the machine to request a standard coffee, 
is disactivated when the water temperature drops 
below the reference ten^erature and is activated 
again when the water has re-acquired tiie reference 
temperature (the said three seconds is the time 

fo necessary to be certain that the water within the 
heat exchanger has reached the reference temper- 
ature). 

Alternatively, when a user activates the machine to 

IS provide a diluted coffee, the module 24 causes a reduc- 
tion in the pump delivery after a unit functioning as a 
dock has measured the time necessary for the punrp to 
transfer tiie suitable volume of water for a standard oof- 
fee and until the programmed time to transfer the vol- 

20 ume of water suited to a cGluted coffee, after which, of 
course, the pump stops. 

Rgure 2 shows tiie programmed control device 1 4A 
as a control system comprising various control units, 
from 1 4. 1 to 1 4.6, that allow the realization of a series of 

25 macN'ne functions. 

The system 14A acquires signals from the delivery 
counter means 12 and from the temperature sensor 13 
by means of units 14.2 and 14.3 and sends them to ttie 
programmed control unit 14.1 that, by using a suitable 

30 transfenal function, determines the time for the feeding 
of elecb'idty to devices 24 and 15 that respectively con- 
trol tiie functioning of the vibrating pump 6 and the feed- 
ing of the electric resistor 8 of the heat exchanger 7 by 
mans of units 14.4 and 14.5 in order to maintain the 

35 water exiting tiie heat exchanger at the reference tem- 
perature. 

The system 14A may be realized also to acquire 
only the signals of the delivery counter means 12 via 
unit 1 4.2 and send tiiem to the programmed control unit 

40 14.1 that, always using a suitable transferral function, 
determines the time and mode for the feeding of elec- 
t^idty to device 24 that conti'ds the vibrating pump 6 
function in such a way as to maintain the water exiting 
tiie heat exchanger at tiie reference temperature. 

45 The interface unit 14.6 allows a user to request a 
coffee drink and, possibly, to control the functions of the 
machine. 

The control system 14A allows various function 
modes for the machine. Of these modes at least 4 

so depend on the detection of the coffee machine function 
parameters (such as the flow of water in duct 2 control- 
led by means of the delivery counter 12 and the water 
temperature measured at the exit of the heat exchanger 
and that may osdilate around the reference tempera- 

55 ture as corrtrolled by means of sensor 1 3). 

For example, in order to realize 4 different 
machines, each according to one of the 4 modes con- 
sidered among the most interesting for users, unit 14.1 
can be programmed so as to respectively provide: 
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i) an input for the water reference temperature in 
order to achieve control over the electric resistor of 
the heat exchanger, in conrpliance with the state of 
the art; this input is generally provided for. once and 
for ail, by the manufacturer; 5 
II) an input of the quantity and delivery of water by 
the pump, that is the quantity of beverage desired, 
in order to achieve control of the electric resistor of 
the heat exchange as a function of said quantity, in 
compliance with EP 0380947; 
Hi) an input of the water temperature as detected by 
the temperature sensor in order to achieve control 
of tiie pump delivery in compliance with the present 
invention; 

iv) an input of the quantity and delivery off water to 
be transferred into the brewing chamber, that Is of 
the volume of beverage desired by the user (e.g. a 
normal coffee or a diluted coffee) and an irput of 
the water temperature detected by the temperature 
sensor again to obtain a consistent control, instant 
by instant, of the pump delivery and the resistor of 
the heat exchanger, in compliance with tiie present 
invention. 

Mode iii) is easily realized; a conventional control 
system of the PID (Proportional Integrative Derivative) 
type can be adopted or, a proportional band control can 
be implemented, in which the pump delivery varies pro- 
portionally as a function of tiie water temperature exiting 
the heat exchanger according to the function 

Q = k* + k" (Tr - T) 

where: 

k* and k** are two constants of the heat exchanger 
that depend on the characteristics of the pump 
delivery and of the thermal reactivity chosen for the 
system (exchanger and other parts of the 
machine). 
- Tr is the reference temperature, 

T is the temperature measured at the heat 
exchanger exit. 

In this case tiie heat exchanger must have its own 
control system and must be considered at a constant 
temperature between 100'C and 120°C. This mode 
solves the problem of controlling the water temperature 
when using heat exchangers with very low thermal iner- 
tia. Mode \y) may be realized with well known not clsissic 
control methods, such as, for example, neural networks, 
"fuzzy logic" controls or the multi-goal control systems. 
The detailed explanation of the realization of these 
modes does not appear to fall within the needs of the 
present patent document, and, a person with normal 
knowledge of said control metiiods can solve the prob- 
lem within the present context. We can recall that a 
fuzzy logic control can be realized by using, instead of 
an equation, a device normally traded, for example a 



unit by American Neuralogix NLX 230, based on a 
number of rules of the following kind: 

if tiie tenperature of the water exiting the heat 
exchanger drc^. then cut down the pump delivery; 

- if said temperature drops and the pump delivery is 
at its minimum level, then inaease the temperature 
of tiie heat exchanger; 

- etc. 

As we have previously seen, the pumping system 
(6, 24) may be modulated; so it becomes possible to 
obtain a furtiier degree of freedom by adjusting tiie 
pump rate to tiie resistance exerted by the pad of 
ground and conrpressed coffee. In fact, rt is well known 
tiiat the quantity of water delivered by the pump 
depends on the characteristics of tiie pressure-delivery 
of the pump used and inter-acts with the resistance 
exerted by the pad of coffee; this resistance is deter- 
mined by the granulometry of the coffee powder used, 
by tiie quantity of coffee and by tiie force exerted In 
compacting tiie coffee pad, in addition to tiie character- 
istics of the filter to contain the pad itself. Small varia- 
tions to said parameters may impress significant 
changes to tiie preparation times and to tiie organo-lec- 
tic characteristics of the coffee beverage. To compen- 
sate for these small variations and hence obtain that tiie 
coffee machine produce a beverage as constant as pos- 
sible in its good quality it is necessary to stabilize the 
water delivery during the entire time of tiie brewing of 
tiie coffee; this is possible by confrolling tiie pump as a 
function of tiie difference between a value of pump 
delivery pre-set by the user and the signal an'iving from 
the delivery counter means. Said pre-set delivery value 
is a value chosen among more values foreseen rela- 
tively to tiie types of beverage offered by the machine 
(e.g. a diluted or concentrated coffee). This function 
mode can be associated to tiie temperature control by 
unit 14.1. 

Rgure 3 is no more tiian tiie diagram shown in Fig- 
ure 1 witii tiie addition of a temperature sensa 13A that 
touches duct 2, and connected to unit 14A by means of 
wire ISA, upstream and close to heat exchanger 7. The 
control system 14A will therefore be fitted with a unit 
able to confrol the function of tiie pump as a function of 
tiie difference between the water temperature detected 
at tiie exit of the heat exchanger and tiie water temper- 
ature detected at tiie entry to the heat exchanger. 



50 Claims 

1. Improvements to a coffee machine comprising a 
source of water (1). and electric pump (6) to trans- 
fer water to a brewing chamber (3) after passing 
55 through a heat exchanger (7) where it is heated by 
an electric resistor (8) abUe to instantiy bring the 
water to the desired reference temperature (Tr), at 
least one delivery counter means (12) that instant 
by istant measures the quantity of water transferred 
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towards said chamber, a tenperature sensor (13) 
that instant by istant detects the tenperature 
reached by the water and a control device (14A) 
that receives signals from said delivery counter (1 2) 
and from the temperature sensor (13). the improve- 
ments being characterized in that the water tem- 
perature sensor (1 3) is set in contact with the water 
duct (2) downstream and dose to the heat 
exchanger (7) and the control device (14A) is pro- 
grammed to instant by istant control the pump (6) 
delivery as a function of the temperature of the 
water exiting the heat exchanger (7) to maintain this 
temperature sensibly at the reference value, so that 
with the water exiting the heat exchanger at the ref- 
erence temperature the pump delivery is at a nor- 
mal rate, that with the water exiting the heat 
exchanger at a temperature lower than the refer- 
ence temperature the pump delivery is conveniently 
reduced and when the water exiting the heat 
exchanger has recovered the reference tempera- 
ture the pump delivery is brought back to the nor- 
mal rate. 

2. Improvements according to claim 1 characterized in 
that the control device (14A) processes the signals 
received from the delivery counter means (12) and 
the temperature sensor (13) to instant by istant con- 
trol both the pump (6) delivery and the electric feed- 
ing (15) of the heat exchanger (7) so as to maintain 
the water exiting the heat exchanger (7) at the ref- 
erence temperature. 

3. Improvements according to daim 1 characterized in 
that the temperature sensor (13) located down- 
stream from the heat exchanger (7) Is assodated to 
a temperature sensor (13A) located upstream from 
the heat exchanger and that the device control 
(14A) is programmed to instant by istant control the 
pump (6) delivery as a function of the difference 
between the water temperature detected by the 
sensor downstream (13) and the water temperature 
detected by the sensor upstream (13 A) from the 
heat exchanger (7) so as to maintain the water exit- 
ing the heat exchanger (7) at the reference temper- 
ature. 

4. Improvements according to claims 1 and 3 charac- 
terized in that the control device (14A) Is pro- 
grammed to instant by istant control the electric 
feeding (15) of the heat esoihanger (7) as a function 
of said temperature difference 

5. Improvements according to claims 1 and 3 charac- 
terized in that the control device (14A) is pro- 
grammed to instant by istant control (24) the pump 
(6) delivery and the electric feeding (15) of the heat 
exchanger (7) as a function of said temperature (fif- 
ference. 



6. Irrprovements according to daim 1 characterized in 
that the pump delivery counter means (12) instant 
by Istant measures the difference between a pre- 
set delivery value and the delivery value measured 

5 and by a contrd device (14A) that processes the 
signals received from said delivery counter (12) so 
as to control (24) the pump (6) delivery so as to 
transfer the desired volume of coffee drink into the 
cup. 

10 

7. Improvements according to daims 1 and 6 charac- 
terized in that the control device (14A) processes 
the signals received from said delivery counter (12) 
to control (24) the delivery of the pump (6) and the 

75 electric feeding (1 5) of the heat exchanger (7). 
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